Having higher levels of pain acceptance has been shown to be associated positively with quality of life in patients with chronic pain, but its role in adjustment to chronic pain among individuals with physical disabilities living in the community is not known. Moreover, issues related to item overlap between measures of pain acceptance and measures of patient function have limited the conclusions that can be drawn from previous research in this area. To better understand the role that pain acceptance plays in patient function, we administered measures of pain acceptance, pain intensity, depressive symptoms, and function to 392 individuals with physical disabilities, and the pain, symptom and function measures were re-administered 3.5 years later. Analyses evaluated the main and interaction effects of initial pain acceptance on subsequent changes in pain and function. Having higher levels of pain acceptance -in particular as reflected by a willingness to engage in activities despite pain -resulted in less of an increase in pain intensity, and more improvements in pain interference, physical function, depressive symptoms, and sleep quality. The findings indicate that previous research supporting the importance of pain acceptance to function in patients from health care settings extends to individuals with chronic pain living in the community.
Introduction
Chronic pain is a common problem for many individuals with physical disabilities [18; 44] , including individuals with spinal cord injury [17] , multiple sclerosis, post-poliosyndrome [33] , and muscular dystrophy [27] . Moreover, chronic pain in individuals with disabilities is refractory to many biomedical treatments [20] , and can be detrimental to function and quality of life [44] . There continues to be an urgent need to understand the modifiable factors that influence chronic pain and mitigate its impact in this population.
Pain-related beliefs and coping responses have been shown to influence pain, and to respond to psychosocial interventions [32] . Historically, however, research has focused disproportionately on the prevention of responses thought to be maladaptive, such as distorted cognitions, beliefs, and coping behaviors. In more recent years there has been an increased interest in identifying and fostering adaptive responses that predict more positive outcomes.
One potentially important psychosocial factor that could contribute to better adjustment to chronic pain is pain acceptance [41] . Pain acceptance can be defined as (1) a willingness to experience pain while also (2) engaging in behaviors consistent with one's values despite pain [36;39;42] . Greater pain acceptance, as operationalized by measures of these two domains, has been shown to be associated with less pain intensity, pain-related anxiety, avoidant behavior, depression, and physical disability in cross-sectional studies [38;55] . Acceptance has also been shown to buffer the effect of pain intensity on daily function [25] and to buffer the effects of catastrophic thinking on anxiety, depression and disability [53] . Intervention studies show that treatments such as Acceptance and Commitment Therapy, Cognitive Behavioral Therapy,
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Interdisciplinary Pain treatment, and Mindfulness Based Stress Reduction increase pain acceptance [1;6;11;19;35;52;54] , and that these increases are associated with better treatment outcomes [6;40;52] . Maintenance of these improvements in acceptance has also been shown to be associated with maintenance of treatment-related gains in mood and function [7] .
However, most studies to date have relied on cross-sectional data and are therefore unable to examine several important issues, such as the extent to which pain acceptance domains assessed at one point in time prospectively predict important outcomes assessed later. Moreover, the items usually used to assess the pain acceptance domain of willingness to engage in activities despite pain have conceptual and item overlap with measures assessing outcome domains reflecting disability and pain interference [36] . This confound can inflate the associations found in crosssectional studies, and therefore limit the conclusions that can be drawn. To address these issues, we sought to determine if pain acceptance at one point in time predicts a variety of key pain-related domains assessed 3.5 years later using an approach that statistically controls for the potential confound due to item overlap. We also sought to determine if pain acceptance has a moderating effect on the associations between a change in pain intensity and change in symptoms and in function over time. We hypothesized significant main effects, such that those individuals reporting higher initial levels of acceptance would report better function (or less increases in dysfunction) over time, and significant interaction effects, such that those endorsing higher levels of acceptance would evidence weaker associations between subsequent changes in pain and function. 
Participants
Study participants were recruited to participate in a longitudinal survey examining secondary conditions in a sample of adults living with long-term physical disability.
Eligible individuals were 18 years of age or older, were able to read and understand English, and self-reported a physician's diagnosis of multiple sclerosis (MS), muscular dystrophy (MD), post-polio syndrome/late effects of polio (PPS), or spinal cord injury (SCI). All study procedures were reviewed and approved by the University of Washington Human Subjects Division (HSD# 35664).
Procedures
Participants were recruited through three sources: (1) invitation letters sent to disability-specific research registries (e.g., the University of Washington Participant Pool and the University of Rochester MD Registry), (2) invitation letters to former research participants at the University of Washington, and (3) web and print advertisements. and subsequent survey at T2, and made up the sample for the present analyses.
Measures
Pain acceptance. Pain acceptance was assessed using the 20-item Chronic Pain Acceptance Questionnaire (CPAQ), [21;42] which can be scored to provide a total pain acceptance score and was originally designed and thought to assess two pain acceptance domains: (1) the degree to which an individual engages in activities regardless of pain (Activity Engagement) and (2) A second problem associated with the CPAQ and many other pain acceptance meaures is that all of the items assessing Pain Willingness in fact ask the respondent to rate the extent to which they think it is important or necessary to control pain, which is a different construct than Pain Willingness. [36] The CPAQ scoring instructions require that all of the items be reverse scored before summing. Thus, the CPAQ Pain Willingness scale score represents "Not believing that pain control is necessary" more than "Willingness to experience pain." Lauwerier and colleagues recommend that the scales using such items should be labeled based on what they are actually measuring, and suggest that the items not be reverse-scoreed, and the resulting scale be called Pain Control. [36] Because this label is also used for measures assessing pain control attributions, [32] in order to minimize the chances of confusion, here we use the label Need for Pain Control, and computed the scale score by summing the items in this scale (i.e., we did not reverse-score them). Physical function. We assessed physical function using the PROMIS Physical
Function item bank. [12] In the T1 survey, we used 10 items from the item bank that the investigators determined would best reflect a broad area of physical function domains in Acceptance of pain -9 the population being studied (items included, "Are you able to walk more than a mile?", "Are you able to wash and dry your body?", "Are you able to do housework like vacuuming or sweeping floors?" rated as a participant's "usual or average performance" on a 1 ["unable to do"] to 5 ["without any difficulty"] scale), because at the time, the PROMIS short forms had not yet been created. In the T2 survey, we used the 12-item short form that had been developed for mobility aid users (items included, "Are you able to wash and dry your body?", "Are you able to cut your food using eating utensils?", "Are you able to get on and off the toilet?", rated on a 1 ["Without any difficulty"] to 4
["With much difficulty"] scale).
[3] The 10 items in the T1 survey were scored with IRTPRO software, using published item parameters and transformed into the t-metric. Acceptance of pain -10 survey (example items, "In the past 7 days…My sleep quality was…", rated on a 1
["Very poor"] to 5 ["Very good"] scale, and "…My sleep was refreshing", rated on a 1
["Not at all"] to ["Very much"] scale).
Data analyses
We first computed descriptive statistics (means, standard deviations, percentages, as appropriate) for the demographic and study variables to describe the sample. Next, we examined the predictor and criterion variables to ensure that they met the assumptions required for the planned regression analyses. We then conducted 10 hierarchical linear regression analyses to test the study hypotheses. Measures of pain, symptoms and function (i.e., average pain intensity, pain interference, physical function, depressive symptoms, and sleep disturbance) measured 3.5 years (i.e., T2 survey) from T1 were the criterion variables. We centered the predictor variables prior to these analyses, in order to avoid multicolinearity that would be created by the use of interaction terms. For each equation, we first entered the T1 score on the criterion domain in the first step. Any predictor variable entered after this step then predicts essentially the T1 to T2 change in the criterion variable (i.e., the residual of the T2 criterion controlling for T1 levels; [14] ), while controlling for the potential confounding effects of the initial levels of the criterion variables. Importantly, this analytic approach addresses the significant issue of item overlap (between measures of acceptance and criterion measures assessing pain interference and disability, specifically [36] ), because
the residual -what is predicted following control for initial criterion variable scores -no longer represents amount of the criterion (e.g., disability or pain interference), but change in the criterion, and has any variance associated with item overlap with the
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CPAQ scales removed. The T1 pain acceptance scales (Activity Engagement or Need for Pain Control) were then entered in step 2 (to test for the main effects of pain acceptance on change in symptoms and function) for all of the analyses, followed by the T1 to T2 change in pain intensity (step 3) for all of the analyses except those predicting T2 pain intensity. Finally, the Change in Pain X Activity Engagement or Change in Pain X Need for Pain Control interaction terms, as appropriate, were entered as a block, to test for the hypothesized interaction effects of initial pain acceptance on the associations between change in pain intensity and change in function over time (for all analyses except those predicting T2 pain intensity). In these analyses, we computed variance inflation factors (VIFs) to check for possible multicolinearity. A VIF of 10 or greater is indicative of high multicolinearity among the predictors, which can result in unreliable estimates [8;34;47] . In order to balance the need for control for the increased risks of Type 1 error (determining that an effect is present when in fact it is not present in the population) against the risks for Type 2 error (concluding that an effect is not present, when in fact it is present in the population), we set the alpha level at P < .01 to determine statistical significance, and alpha levels of .01 < P < .05 to identify trends. In the event that an interaction term was significant or demonstrated a trend, we planned to compute correlation coefficients between change in pain and change in the criterion variable(s) separately for individuals above and below the median in the pain acceptance measures, to help understand the effect. Sample descriptive information are presented in Table 1 , and the means and standard deviations of the study variables from the T1 and T2 surveys are presented in Table 2 . As can be seen, the average age of the sample was about 56 years, and the majority (62%) were female. About the same numbers of participants had spinal cord injury (31%), post-polio syndrome (28%), and multiple sclerosis (26%), but there were fewer participants with muscular dystrophy (15%). Most of the participants described themselves as White (93%).
[Insert Tables 1 and 2 Acceptance of pain -13 over time in pain intensity, pain interference, physical function, depression, and sleep disturbance.
Regression analyses
Assumptions testing. Based on the criterion requiring that (1) the variables to be used in the regression analyses did not have significant skew, kurtosis, outliers, or heteroscedasticity (based on skew < 2.0, kurtosis < 2.0, and a visual inspection of the scatterplot of residuals), and that (2) a lack of multicolinearity among the predictor variables (based on correlation coefficients < .70; [49] ), all of the variables met the assumptions of multiple regression.
Pain acceptance main effects. The results of the planned regression analyses are presented in Tables 2 and 3 . For each step of each analysis, the VIF hovered around 1, indicating that multicolinearity was not having a biasing influence on the results. Significant (P < .01) main effects for pain acceptance at T1 predicting change in the criterion variables were found for four the 10 regression analyses performed; trends (.01 < P < .05) were found for two more (see Tables 3 and 4) . In every case, higher initial levels of pain acceptance (as reflected by higher scores on Activity Engagement and lower scores on Need for Pain Control) was associated with better outcomes over time; that is, more improvement in depressive symptoms and sleep disturbance, and less of an increase in pain intensity and pain interference.
[Insert Tables 3 and 4 
Discussion
The findings are consistent with models that hypothesize pain acceptance is an and measures of function [36] . The current findings extend this work by showing that pain acceptance may also play a role in individuals with chronic pain who are living in the community (i.e., individuals not necessarily receiving pain treatment). Importantly, significant effects emerged even when controlling for initial scores on the criterion measures, which controls for the possibility of artificial inflation of associations due to the overlap of items assessing acceptance and function at the same time. [36] The findings suggest the possibility that individuals with chronic pain who are not in active treatment could potentially benefit from community-based interventions that target pain acceptance. Such interventions could include web-based learning programs that teach simple well-being exercises and that require few resources to maintain once they are established (e.g., [45] ). Clinicians who interact with these individuals when providing basic or general health care could be taught strategies that could enhance pain acceptance, such as pain neuroscience education interventions (e.g., [37] ), or skills found that less pain-related behavioral avoidance occurred when subjects were offered a reward for making painful movement then when they were not offered a reward [15] ;
contexts that provide rewards for greater activity may be more plentiful than those that provide rewards for pain willingness.
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Encouraging pain acceptance -in particular engaging in activities despite painis also a central focus of most psychosocial pain treatments, including operant treatment approaches [23] , Acceptance and Commitment Therapy [41] , Motivational
Interviewing [28] , hypnosis treatments that include suggestions for activity engagement [30] , in vivo desensitization [51] , interdisciplinary pain treatment [24] , and many others.
This fact provides even more support for the importance of the construct, as well as the idea that pain acceptance may indeed be a shared mechanism of a number of psychosocial pain treatments [1;6;11;40;52;54].
The findings pointing to larger effects of activity engagement acceptance also suggest that it may be more beneficial to focus on this observable expression of pain acceptance than on an expressed willingness to experience pain, in order to have the most beneficial effects. Thus, simple "acceptance" without a behavioral expression or component may be less likely to lead to positive changes in function. The relative importance of the two pain acceptance sub-factors (and how they might or might not influence each other) remains an important topic of further study.
The study has a number of limitations that should be considered. First, although the findings supported a role for pain acceptance as a predictor of subsequent changes in a number of important pain-related outcomes, the effect sizes were generally weak.
However, it may be useful to keep in mind that these reflect the ability of pain acceptance to predict changes in outcomes over the course of 3.5 years -a relatively long time period where many factors could intervene to influence domains such as pain interference, depression, and sleep quality. The fact that significant effects emerged despite the 3.5 year time span supports the importance of the construct, consistent with A C C E P T E D its centrality in so many chronic pain theoretical models and treatments. Moreover, we controlled for T1 to T2 change in pain intensity in all of the analyses (except in the analyses predicting change in pain intensity). While this approach provides a conservative test for these effects, it also reduces their potential explanatory power. An additional limitation is that this study was performed in the context of a longitudinal and ongoing survey of individuals with disabilities living in the community. Thus, the sample may not be entirely representative of the populations of individuals with disabilities and chronic pain, and these differences could have potentially affected the results in ways we are not able to determine. Also, because the study was observational, the changes we observed in both the predictor and criterion variables may not have been as large as one might expect in a clinical trial, further reducing our ability to detect true effects due to relatively low levels of variation. The study design also involved the exclusive use of self-report measures, which could have potentially artificially increased the strength of the associations found. Future research should include the use of observational measures of outcomes to better understand the role that pain acceptance plays in function.
As mentioned previously, a significant limitation of research in this area is the conceptual and item overlap between measures of the activity engagement domain of acceptance (i.e., willingness to engage in activities despite pain) and measures of patient function [36] . We attempted to address this issue in the current analyses by A C C E P T E D Table 1 . Number (and rates) of categorical descriptive variables and mean and SD of participant age. ----------------------------------------------------------------------------------------------------------------- Table 2 . Means and standard deviations of the study variables assessed at T1 and T2. -------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------- 
----------------------------------------------------------------------------------------------------------------------------

Step: predictor variable ---------------------------------------------------------------------------------------------------------------------------- T2 average pain intensity (Overall model: F (2,389) = 56.14, p <.001)
Step Step 3: Change in pain intensity .01 4.58 -.09 2.14 .033 1.00
Step Step 4: Activity Engagement X Change .00 0.51 .03 0.71 .476
in Pain -------------------------------------------------------------------------------------------------------------------------------
Note: VIF = Variance inflation factor. The statistics associated with Step 2 predicting T2 physical function (with the exception of VIF) appear to be the same as those associated with this step (but with the Need for Pain Control as the predictor) presented in Table 3 . However, the results of the two analyses were slightly different, although they rounded to the same numbers.
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